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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an 
electromagnetic suspension apparatus capable of 
developing a damping force with a motor, when it is 
impossible to control the electromagnetic suspension 
apparatus due to cable disconnection or the like (when 
there is no control). 

SOLUTION: When a disconnection of a power cable 81 
detected, a relay control signal is turned off to close a 
first and second relays 65. 66, and short- circuit a U- 
phase coil, V-phase coil and W-phase coil via the first 
and second relays 65, 66. Consequently, when a 
suspension unit strokes, the motor 3 arranged in the 
suspension unit operates as a generator, and the 
resistance of the magnitude being substantially 
proportional to a stroke speed, that is the damping force, 
is developed. 
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S t C P U ^ «J tc 7 ^' -fc ;^ f- -6 J: -7 U K3e L , 
>; I'- i/f ^PWMH-f-^^SJ-, ^<0^e^fi<>T^'■b 

tt^itUJ:*), #^L;^c^4-{±, ^««lTi?-b;^d«ff 
^rtoa'fc< Jt-ScO-e, U i/f t PWM<g-§-i^# 

;t*y^.i:-r*o ^-^'ffll^if 5 t K9^'>'^*4 «r^g 

tJft^Tj^'^^ihLTt:^-^-. <; W-SlJ»M-^l±OFF§*t, 
^2VV- 6 5, 6 6 d^Pfl C e> tt. U4i:3^;u, 

[0 0 3 8] ->;^-rA<OIE'S«#'f ^-^l^ fS2 

•;v-6 5, 6 6 >!)«Mf>*^OSBr-Pfl (ON-T^) 

;4^ic.«rLA^«*&$tt^ < Jfc^o iO*^, 3'f;l'2 2<0 
40 mmm^m^^Mz^tzi.mti'r-V)^ S l (ci±il::*:'t 
^SE**a*t-5 i: t;* 19 , m^^tBS5 1 ic i ^S^^l 

hv^-7^'<o## {%m,m.m±) A^^^m^tt^fc 

K7-f/^'C P U4 H±^K ^2 U fc'- 6 5, 6 6 

[0 0 3 9] ^1, ^2'JW-6 5, 6 6 

IgrSr^^SlLy'ci^-g-, K7'1'^N'CPU4 1(±. 

50 [0 0 4 0] jJlJiO»ft«:06«Ovn— hUlIc? 
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li)-h<r)mn^'^> ViW.^^^{:^^ y^S 1 1). ©J 

(:^X'y ys 1 2)o ^x*>^ys 1 2T-NO (^-^as*^ 
t«ffift;^c^'g'{i. K^-f /<CPU4 1 li 

9i:m^iLh{7.7'y'fS 1 3)o 
[0 0 4 1] TsT-y-fS 1 3 <7)figT'-:^C7)K<^^^^t^ 

C^x-y'T'S 1 4)o -^coXT^y y 1 5r% ^-^J^Sijain io 
v y^«:||fi^L. fiLaf'-i5^75-*b^-i5^3 05S52 3 i: 

its jfc i:^*- 1^ * - 3 ^oftijaii: * ^ o 

[0 0 4 2]^^(C. PWM«-^^«S4 5 ^:^htTFE 
h L*>o^5t<7)i$SSr t ^ J: 9 ir$IJ^-r ^ 

C^xy ys 1 6)0 ^of*. ^St^ttifis 1 t:^uffl=r-r 20 

^:^y)7h^U7^y'fS 1 7). »f^<7);frfe^flBf-t^ 
(Ts-ry^S 1 8)0 

[0043] Xf-^y7'S12T- Yes (^-^i^LST^-^^^^ 
Ti>^) tnWrLfzm^. tfz{t:^y^ y^S I 4X-Y e 

oh*^C, ^1, ^2 U 5, 6 6 CO®^^. «IJ»^ 

^9 ;'7^S 1 9) 

10 0 4 4] ±j£L;tJ:di::^ SaBBf. 30 

[0 0 4 5] »2 V 1^- 6 5, 6 6 (i. :^ 

< ^LT. ^1. ^2 U 5, 6 6 i:t 

[0 0 4 6] :k\z^ ^^m(om2mM(r>mm^mi'&,xf 

T4 9tCftx:^FET(lK4 9 ASr^LTv^^o FET 
iaK4 9 A(i. 6iB<^FET (JilT. ^1 -^6 FET 
tv^^o ) 5 4 1 - 5 4 6 ^^Lrv^-i>o ^ 1 FET 5 
410V~X CS] {i^2 FET 5 4 20 Kl/-f > 

^StlTv^^o ^3FET5430V-;^[S]«±^4 50 
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i2 

FET 5 4 40 Kl^-f > CD] tSSc? ^^r i5 0 . -f-O 
«gESeiiVffin>f ;uicgS|$ix-Cv^-5>o ^5 FET 5 4 
50V-;^ [S] tiSl6FET5 4 60Klx>f > [D] 

[0 0 4 7] PWM^i-^i^SI4 5 75-f>FET[llK4 9 
At::6*<7>SlJ«!jgL9 0 75*®lf$ttTi5l9. -ec09*>32f: 
Ofl-^® 9 0 l.»3.l|5FET541, 54 
3, 5 4 5 (tiLT> ai:. ±fflr-AOFEThv^ 
do ) oy-h CG] U«SE^i^TV^^o t5fS6:$:o$iJ 
^^9 0di^^<^3:*:oM-i-^9 0;&^SI2. ||4. ^6 
FET542, 544, 5 4 60y-h CG] (C^tv^' 
tLM^MKjHS^ (i.:jlT. M^MS&mi[llf^^v^-9o ) 8 
0 A^^LT^gSl^ttrv^^o -0||2|li£0JgSP.T- 
ii. ffl*frlfib^liaK8 0 AS0^»2. »4. »6FE 
T 5 4 2. 5 4 4, 5 4 6 (C J: p ffl^EUSd^ffMS tLT 

[0048] ^lFET541{i. V-;^ CS] S.r>*K 
l^^> CD] ^^^^'t^y')-^^^-}\^V^'^'-Y^ I 
^F*3SLri50> •7'J-'i^'f-;^^^:t- K9 1 
TV-;^ [S] :h-hY\^^y CD] •^Oiim*tlP#i"'5> 
i: d tlLrv^>S)o ^2 FET 5 4 2 - 5 4 6 
V->;S.^>*Kl-^>ratCOV^T<)mi FET541tra 
;j*ti"7 'j K9 1 i)mm^f\^X^^ho 

[0049]I|1.^3.^5FET 541, 543, 
5 4 5 (±ffl!T-AOFET) OKU-f> CD] -=6 

-9mmM^b(r>iry7. (+) 5g^iiS^$tLTv^^o * 

/c. ^2.»4.®6FET542, 544, 546 

(T119T-AC0FET) OV-X [S] ti> ^-^fflS 
7lg5<30-7^^X (-) ai^u«g£$ttrv^;5>o 

[0 0 5 0] mrlSSJ&Ma^llUS&S 0 AJi. npnf^ 
coh^vvx^ (J^T. ^1 h^>vXr5^i:v^do ) 7 
0 ^ . p n p ff^O h ^ > vX :^ (tXT. 2 h ^ > v X 
9t\^^0o) 7 1 ^*«X.TV^-|,o ^1 b^>vX^ 7 
Oco^^^y:?' (E) i:^2 h ^ > vX iJ^cOJi^ y ^ 
(E) tt^^m^itx^^. :^(r>^mU:^m2. ^4. 

»6FET 5 4 2, 5 4 4, 5 4 6 (TfiJ T - A <7> F E 
T) h (G) Clil8"CtilS2 FET 5 4 20<;^ 

^7 0^0^-X (B) i:^2 h ^ > vX^co^-X 
(B) tiimm'^fiX^^. ico«8iSP;5^PWMM-i-* 
^S4 5 0$Ijai^9 Otc«SS$tLrv^.5,o mi hy>i^ 
X^70<7)nlx^^ (C) (i 1 5 VCOFET^*- HEt& 
ffim?S9 2 USgE^ttTv^^o ^2 b^>vX^ 7 ICO 
3 1^^^ (C) tiS^StLTv^^o 
[0 0 5 1 1 ^2. ^4. ^6 FET 5 4 2, 5 4 4. 
5 4 6 (TfflT-AcOFET) O^Kl/>f> (D) 

-h (G) tufi. ii:?ims!$tt?^c^'f:t- K6 7sc>* 

«tjfc6 8;ii*3fe?iJtcSS!$tLTV^;5>o S2. »4. ^6F 
ET542, 544, 5 4 6 h (G) Uti. S 
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il>,^iXtz'y j^i—V^-^- K6 9**«^$n.Tiil). Iff 
E^r-h (G) tCiS;«a*mD$ix*v^ioULT»/^ 

[0 0 5 21 i<0» 2 ^m<r>li^m\t. <t 9 i^S 

ii<OJKBT-fflv^;t» l.»2'Jl'-65, 66 (Slfrlel 
K8 0) ?r^ihL^jt<7)tC^ror>/^^o ^<7)^2||J£<75 

j^B-eii, tai^»fi^2 FET5 4 au^t-r-saij^^g o lo 
(±, -e-co^-;^ (B) us]E*^ent)a?*T'^v^c: 

rauis»jesjE**^u, uffl<oss**?e;v%^#j±. #^2f 

ET 5 4 2 O KU"f > [D] {cUffiO^£je^ffi>6*lHlfe 

[0 0 5 31 -eLT. ^^-f :t- K6 7 5.?/ffitn:6 8 Srii 
LTIS2FET5 4 2<or-h CG] tcmS^'EnHO^ 
tL> »2 FET5 4 2 (ON) ?-<i:Sit*^*T-i 20 

Z>o ^<r>m^. ^2 FET 5 4 2<0 KU'T > CD] H*^ 
lb V-;^'^'ljiiE:6^5£tt, VffirJ'f -«'{C*tlS1--l)»4 FE 
T5 4 4Urtll$tt;t7';-*-1'-;i'^^'f^-K9 1 «: 

[0 0 5 41 ^iJ. iE'*»'f^BftC^)y^';t- K6 7«-a 
i:TjtjemS*^»2 FET 5 4 2coy- h CG] ICEPSD 
$tL^,*^ 112 h^^v^^- 7 0, 7 1**16f'^1- 50 

^Ct^xb, «tn:6 8<^«j5t^i*:^i <i-tt»J^2 FE 
T 5 4 2<0;^-l' y Vmm~iif^i-^^^J:^^. -f^ 

3{c5g^^^x*»i:^3^-:^>'i'8 idW^U 

J:creijje?l(C^2 FET 5 4 2d^«iiLT (ONL 
I), ■9-;^^>'v3 h 2(±j£«^I«:§l^-r'5.-lf: 

[0 0 5 5] Z(Dm2nMmmr-li, K7'f/<4<0B 40 
2 FET 5 4 20^- hSim^-^d^'if^LT^), •t-^' 

3 <Dmi&m.E.imm l, ^2fet542 s-sa-f* 

c:i:d»T-#^v^o z<ot:it>. :^ }• ^ - iimi)^i&^^ 
^-tim^t) im^-t -5 C: t **T* i ^ v» C t ^i: -S o 
[0 0 5 61 ^l&WOjg 3 |lii<05K.^.Srlli 9 ISlV 50 
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mi o»r*o'v^Tiaiq-r-&o ^3i^is«oj&s<7)i:jB-9-^ 
nm^if^mn F E T r- h msimm 9 2 *jgjk 

itfei;E*''fi:v^^-g-t:-^)TiaT-AC0FETO»2. IS 
4,||6FET542, 544, 546 (^Tx ■St: 

±, »2FET542 s-^tc LTSiwrio ) ^mm.-^ 

i (ONl-^ii:75fT-#) , fn-i^ii]SitiB:V»«J^ 

[0 0 5 71 »3*M</)3^^<±. ^2^iSOBB<^FE 
TilK4 9 AU'ftx.*FETiIK4 ^BimLX^^ho 
FETi]K4 9B(±, FETlHiK4 9 A<7)M^«gJl»l 
0^8 0 AUftx-T. ffl,^Wffil^2[lK8 OB=Sr*Lr 
v^^o ai&«a&» 2 UK 8 0B(±®^ltaj»liaK8 0 
A<^^1. ^2 h^Vv*:^^' 7 0, 7 1 tC-ftX-T^S, 
^4 h7 Vv;^^' 7 2, 7 3 LTV^^o ^4 

h v>>'';^:5' 7 2, 7 3<0#J^^ y ^'liS^^^h.riJ 

iOg^a5l±^2 FET 5 4 2(?>y- htCgScStt 
TV»-&o ^3, ^4 h^Vv':^^' 7 2, 7 3 0^'^-::^ 

Ttnp n3^0»5 h7>v;^^ 9 5 
it-Cv^^o^S b7 VvJ^^' 9 StfO'^-:^ (B) tC(i> 
aHJ«li||9 0*«S^$ttTV»^,o 
[00581 ^3 \- ^yVXi' 7 2<r>:n\y^ 9 t^2¥ 
ET542coKV-i'vi:l±. ia^US^? - K 

7 A:&.Xftm.7 5 4r^Lr«^:gttTV>;S,o ^3 h^V 
7 2<OrzP^^5'tJi5 y 9 t\tWlK7 SSr^LT 
S^^nrv^^o Sfet? 8 tm,in.7 5<7)«Slffl555-UI±. 

^„ 3>T'>-9-7 6 (Cli';'^^-:? — ^'f*- K7 7*»afei?iJ 

^':J't»5h7>v;^:?'95«03U^'5't JiStft 9 6 * 

[0 0 5 91 :iff)^Znm<OWimX{U ^2FET5 4 

jemat- J:l3^2FET542<OKW1'> l-^JE**JD*? 
ot:v>-6i:#, i;t{±±7-Afil<0SiEl FET54 
ONLTv^^fci, K7 4SJmSj:7 5S:®L 

r::i>T'>-9-7 6{Ci;i?f35^x.'bit'l)o i<75^]EliS2 
FET 5 4 2<7)y- hSr+^IE»-C§^^l±i: 7^ 
:^-^^'f ;§■- K7 7 i:: J: ») — ^^JElc^^titt^ J: •? Ui" 

ho 

[0 0 6 01 n>T'>-9-7 6lcSxf>ti./imJEIi. y- 
h^i!)ffl<Oi:if.i:i'). mz. ^A: Y^yV7.9 7 2, 
7 3 ICJ; 1)1^2 FET 5 4 2<or- hSrffifi-r^o 

^I'O^'g-. 112 FET 5 4 2<^r- K40NL, ^'^-fl' 
-^;KOt iOFFii^-^o h«-f-**»f^^ir(-i •) 

«1(l7 8S-^LT^2FET5 4 2 0-5^- HzEPini? 
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it. »2FET542?:ONL. ^rf^^l" ^ C i: 

Tiffl7'-A<OFET<0^2, IS4^ »6FET 5 4 2, 

5 4 4, 5 4 6 (BIT. tfJli. ^2FET542 5:^ 

[0 0 6 1] ±E»i -~»3ltife<7)jg^-c-i±. ■ff;^^> 

3 >Ji.;::-7 f 2 A^rffl»/»T^) <tv»o d 1 1 ic^-f*;!.^ 
> •> 3 i/jL- h 2 Ali. ni^SCW 2 0 A i: . ^^UM> 
2 0 A lc-^1ffl*?Jf A $ *T.ilfeS1ll;5''^«SB*i- 2 QA^-h 
ISai-t^fSittoa y K 2 1 A i: , n K 2 1 A<0— «iffl 
izm^^fifz^'-^i^i-y h 1 6 5t, h l 6 

Sizm^L. ^^T'J >i^l 6 6 ?:^L-C^1-1WSP#2 OA 

i: 1 6 7 t|S!tt<0->^7 h 1 6 8 iZ@^$tLy;:7XA^5 20 
2 3 At, ^ittffi#2 0 AlzB^$tL7t::3^;i-2 2 A 
^i-f ;U2 2 ArtUStt'btLy'wia^L'iv^rfT^tt* 

SEtj-e 9**g«?^^, 1 6 9 O f^^iu (c (i n y K 

2 1 AI,zmWlLXZff)u-y K2 1 ASr^F^-r-a^KgiSl 
7 OdJKit'bttTV^'So 

[0 0 6 2] i<7)-^;^'^> -> 3 >^^y h 2 A-CI±, n 
■< ;u 2 2 A-^<Oiil;tC J;l)n-i';l/22At 7lc:^v.^:E 2 3 

At<r>mi,zm,my3i^±L. 7x^^52 3 a (-> + 7h 

6 8) U-v^r»±--K-;Pfei: 1 6 7:dS|51^EL, C^LlZ J: >) 50 

*'-;Uf--y h 1 6 5 i^lXv y K2 1 A;J^*^^1giSC;|.t 2 

0 Aic^Lrtt:^[6]t;ffi*tiEfiL> filji:^j*fl^L. m 
tfz. »-*<0±TSlllU#v^n y K2 1 ARlf^nUU 

2 0 Aumyimi.zmi'mK^iiL-tfui. m:^m<r>wi^*^ 

y h 1 6 5 JS.V^'-)i^ii C 1 6 7 U i 0 HIeS 
lit-^m^tL, 7X^^5 2 3 A (->^7 M 6 8) **ia 
eUn-f ;U2 2 Airfem*)i*fl^L, n yK2 1ASU' 

nmu^2 0 Aff)mn&mzf^:>cf.zi&^:f}. ■r**'*.^ 

10 0 6 31 ±t&m 1 irv^ L» 3 |^ifeOff^.^.T'<±, 



0 0 3-2 2 3 2 2 0 

id 

[0 0 6 4] 

mzmiffczti,zxf). aijw^s^ - iz^mi)^i> 
imi] :^§km<7}mi^m<r>mmizm^wm-*)-:^^>'> 

(112] ai «5-9-;^'^> V 3 h *:^i-if®lil-c- 

[1113] iai<o$(|«l§lfiSr«^«;lc^t-:/o-y^S-c* 
[114] mi <r> K7 ^^fi^lU^i-rn y i'lHT-ab 

[1161 [iHomSS^^-^^va >^S<7)f^ffl*^-r/.: 
11171 2^|&eg<^^2*JfeO?gB«:«S:6Utc^f Ei-c* 

[1191 :*:§&?B<^^3^i&0?F^,®4:«^Wlc^-tlir-* 

[HI 0] 118 0M*&«ffi)^2 nM^^i-ii-e^^o 
[Hill 112 co^f^^> V 3 Kcft-2)ffeO'9- 

I^-^Ogi?^l 

1 m?s^f^^>>'3 

3 ^-5^ 

2 2 3 ^ ( n 

2 3 7KAm5 maum 

6 5 ^1 U U- (ffl^HlS) 
6 6 %2')V- (ffi^HK) 
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